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In vtro an n vvo stus sust tat proxmal aortc
rurtant jt wt on Dopplr color lbw mappn pr-
cts svrty o aortc rurtaton . T nlunc o aortc
valv morpoloy co proxmal rurtant jt wt as
not bn stu. Dspt qual cross-sct anal ara, r-
ncs n aortc valv morpoloy may nlunc rmtant
jt wt an tus stmats o svrty o aortc rr-
tao .
Aortc valv smulatons rprsntn nratv,
rumatc an bcusp valvs as wll as a crcl In two
cross-sctonal aras (0.2 m2 an 0.7 can't wr plac n
a low mol usn two rants (50 an 100
mm H) to
prouc smulat aortc rurtant jts. Flow maps wr
obtan rom parastrnal an apcal postons wt color
an, rams pr scon, low vlocty rjct an pt l
constant. T man o tr rurtant jt wts ar ac
Accurat nonnvasv quanttaton o t svrty o aortc
rurtaton rm
:ns a cult problm n clncal carol-
oy . Intal cocarorapc scrptors o svrty o
aortc rurtaton ocus on t morpoloc an unc-
tonal consquncs o volum ovrloa or lack o a mto
to assss rurtant low tsl: tus, nns suc as
laton o t lt vntrcular cavty . altr sortnn
racton an t tmn o mtral valv closur (1) wr us
to stmat t svrty o aortc rurtatoa. Altou
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01990 by t Amrcan Coll o Caroloy
sap, sz an rant wr compar by tr actor
analyss o varanc.
Aortc valv morpoloy sw&mnly act rur-
ant jt wt n bot patnslrual an apcal vws (p =
0
.0001 by anabss o varanc) wt bcusp saps pro-
ucn rurtaut jt
wtsscalMly rnt rom all
otr saps. Valv ara aro consstntly urauy
nlunc pnunW rurtant jt wt (p = 0
.0001) I
bot vws. Intal prssur rant was lss mportant . It
s conclu tat In an n vtro low mol aortc valv
morpoloy ntroucs scant varabMy la t an.
surmnt o proxmal rurynt jt wts Inpnnt o
orc cross-sctoanl ara. Estmats o svrty o antc
rurtaton may tror b nlunc consrably by
aortc valv morpoloy .
(J Am
Colt Coral 1990;loOS-12)
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nrally lpul, non o ts nns a quanttatv
prctv valu . Wt t avnt o Dopplr cocaro-
rapy t bcam possbl to corrlat caractrstcs o t
rurtant jt wt t anorapc svrty o rurta-
ton . Mappn o t pt o pntraton wtn t lt
vntrcular cavty o t rurtant jt by ncrmntal ran
atn wt puls wav sampl volums as bn on
wly appl Dopplr approac to stmat t svrty o
rurtaton (2 .3) . Howvr. bcaus jt lnt s a uncton
o rvn prssur (4-6) . a lar -ra o rurtant vol-
ums can prouc vlocty strbutons tat av qual
pntraton nto t lt vntrcl pnn on moy-
namc contons.
Applarnn o rontnrroos wor Dopplr tcnqus
pr-
mtt caractrzaton o t low prol o t rurtant
jt trouout astol. Tus, corrlatons av bn ma
btwn anotapc svrty o rurtaton an t slop
o t vlocty cay o t rurtant low prol. as
wll
as wt t prssur al-tm o t low prol
(7-9) .
Altou ts masurmnts aor bttr sparaton
btwn ml an svr aortc rurtaton . t consr-
urns-109719wxy
.50
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abl ovrlap o bot o ts nxs amon varous ras
o aortc rurtaton cras tr prctv valu n any
vn cas o aortc nsucncy (7-9) .
Aton o Dopplr colorlou- mappn as bn tout
to prmt urtr rnmnt n t valuaton o
svrty
o
aortc nsucncy. T ara ot rurtantjt wtn t
lt vntrcular cavty an t wt o t jt compar wt
t wt o t lt vntrcular outlow tract at a pont just
proxmal to t aortc valv av bot bn corrlat wt
svrty o rurtaton (6,10-13). O ts two nxs, jt
wt rlatv to outlow tract wt ar most avorably
wt anorapc svrty o rurtaton (5,6 .13). T
valty o ts corrlaton, owvr, rqurs t assump-
ton tat t valv orc s rlatvly unorm n all mn-
sons an tat a snl mnsonal masurmnt, wt, can
accuratly rprsnt all mnsons . Altou som mor-
poloc altratons o t aortc valv conorm to ts
assumpton, morpoloc cans n t aortc valv rsult-
n rom patoloc cans tat prouc mor complx
saps (14-16) may not conorm to ts assumpton . Tus .
t rurtant jt prouc by t sltlk orc o a
bcusp aortc valv ma rom a plan n wc t
ultrasoun bam transccts ts mnor axs mt rsult n a
rurtantjt wt o a rnt sz rom tat prouc by
t tranular orc o a rumatc valv o qual ara .
Wtr t conuraton
o a valv orc nluncs t
sz o t proxmal jt wt as not bn arss
. W
tror tst n an n vtro systm t ypotss tat
aortc valv morpoloy as an mportant nlunc on
proxmal rurtant jt wt npnnt o t cross-
sctonal ara o t orc,
Mtos
Aortc valv morpolos
. Aortc valv mols pattrn
atr tr stnct aortc valv patoloc stats (14-16), as
wll as a crcular orc, wr construct rom 2 mm tck
Plxlas n two cross-sctonal aras
. T saps o t
mol valv orcs ar sown n Fur I, A crcular orc
was nclu or ts omtrcally symmtrc sap n wc
amtr scrbs orc wt rom any ma plan
transctn t cntr o t crcl . A postnlammatory
rumatc aortc valv tat s altr bcaus o uson o t
commssurs (15) was rprsnt by a tranular orc . A
nratv calc valv o t lrly tat rsults rom
calccaton at t n ponts o t lalts an at t
lalt tps (16) but tat rtans unus commssurs was
rprsnt by a Y-sap orc, A conntally bcusp
valv was rprsnt by a crscnt sap
. All our saps
wr construct n two cross-sctonal aras
. 0.2 cm'- an
0.7 cm 2 , tat wr vr by planmtry
. Tus, urn t
xprmnt, orc cross-sctonal ara was constant but
conuraton var,
t-u,
Dpanaratv alauap
Fur 1.
Saps o t our aortc valv orcs, on crcular an
tr pattrn atr patoloc valv stats
. Orcs wr con-
struct n ac otwo cross-sctonal aras vr by planmtry .
Flow mol
. An n vtro systm was us n wc a lt
vntrcular analou (175 ml volum) was construct rom
latx (F. 2). Tyon tubn, ntrnal amtr 2
.54 cm an
wall tcknss 0 .32 cm, was us to rprsnt t ascnn
aorta as wll as to prov lu runo. A Plxlas lan
was construct so tat ac valv tmplat coul b ttly
plac btwn t "aortc" tubn an t lt vntrcular
analou allown low to occur only trou t valv
orc. Prssur taps wr plac n t aortc tubn an n
Fur
2,
Daram o t low mol us . Tubn ncat by t
opn arrow rprsnts t ascnn aorta . Prssur taps allow
masurmnt o prssur at t rons ncat an t stopcock
controls t onst o smulat rurtant low . Transucr pos-
tons ar ncat by black arrows : t sort black arrow sows t
parastrnal man plan an t kn black arrow t apcal plan.
LV
snats t lt vntrcular analou wt t poston o
rurtant jts as sown .
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t vntrcular analou to prmt masurmnt o ntal
rvn prssur n t aortc tubn as wll as prssur n t
vntrcular cambr. A stopcock btwn t aortc tubn
an t vntrcular analou controll t onst o low .
Color low maps o smulat rurtant jts wr prouc
by low rsultn rom an ntal prssur rant o tr
100 or 50 mm H
. Intal rvn prssur was rulat by
rasn t column o lu to a spc t wt prssur
masurmnt accompls by lu-ll transucrs (Bnt-
ly Trantac 800, Amrcan Ewars) calbrat to mrcury .
Intal prssur n t rcvn cambr was atmosprc
or all runs .
In ts xprmnt lour was trat as a pnnt
varabl tat was a maon o prssur rant an orc
ara (17,IB) . No attmpt was ma tror to npn-
ntly vary low, a stuaton comparabl wt tat occurrn
n vvo wr rurtant low pns on prssur rant,
orc ara an astolc lln pro (17). Bcaus trm-
naton o astol by t subsqunt systol was not possbl
wt ts mol, t astolc lln pro was trmn
by t tm cours o prssur qulbraton btwn t
aortc an t runo tubn an ran rom 1 .1 to 5 .3 s
.
Howvr, all color low jt masurmnts wr ma n t
rst 300 to 500 ms o astol smlar to t tm cours o
qulbraton o prssurs n aortc rurtaton n vvo
. A
2% cornstarc partcl suspnson n watr was us to
prov Dopplr-st ultrasoun rlctons (18
.19).
Eocarorapc man . Dopplr color low maps
wr rcor wt a commrcally avalabl Dopplr
cocarorap systm (Intrspc . Vn M CFM 700)
wt a 2.25 MHz transucr . Optmal transucr poston
rlatv to t cambr was trmn or ac man
plan an was l constant or tat man plan by
rrnc to ntrnal an xtrnal lanmarks . Gan sttns
wr ajust to lmnat xcss color or ac plan an
wr tratr uncan or all mas rom tat plan .
Lkws, sctor anl, pt, rams pr scon an low
vlocty rjct wr ajust to prov optmal mas
or ac man plan an tn lt constant or all mas
on n tat plan . T sttns wr pt = 6 cm an
ram/s = I I or t parastrnal vw an pt = 12 cm an
ram/s = I1 or t apcal vw. Low vlocty rjct was st
at 0.25 m/s or bot parastrnal an apcal vws
.
Exprmntal prol11n). Imas o smulat rurtant
jts wr obtan n two plans : a plan corrsponn to
t parastrnal lon-axs vw an on corrsponn to an
apcal vw (F . 2). Altou masurmnt o jt ara n t
parastrnal sort-axs vw compar wt aortc valv ara
s rport to corrlat wll wt t svrty o rurtaton
(6), t s cult clncally to b crtan tat on s transctn
t aorta prcsly trou t valv plan
. T rurtant
jt ara may sncantly ncras n sz n an ma
plan I cm ownstram rom t valv . Altrnatvly, on
mt b man n t ara o low acclraton m-
Tabl 1. Proxmal Jt Wt by Valv Orc Sap . orc
Cross-Sctonal Ara
. Intal Gram an Iman Plan
407
'Man valus ± SD ar rv rom masurmnt o ocu wt rom
Iwo to tr smulat asto3c cycls or ac valv sap, ac valv stu,
0,55
ntal rant an ac
plan. BIC = usy valv: CIRC =
crcular vax orc
:
DEG = ara(v valv : RHD = rumatc valv .
matly n ront o t valv . In a parastrnal lon-axs
plan. owvr, t prcs valv plan an jt wt
mmatly proxmal to ts ar asly ma an ma-
sur
. W tus cos to ma n t parastrnal lon-axs
an apcal plans only
. Imas wr rcor on L27 cm
VHS votap or latr analyss wt t computrz
masurmnt proram prov n t Dopplr cocaro-
rapc macn .
T wt o t jt just proxmal to t valv orc was
masur on two to tr sparat smulat astolc
pass or ac combnaton o valv sap . ntal rant,
valv sz an man plan (Tabl 1) . T man an
stanar vatons o ts masurmnts wr obtan .
T allows on Fur 3 pont to t valv plan an ar
plac so tat t outr bounars o t jt ar vsbl
. T
optmal ram or masurmnt was cosn rom rams
arly n t low pro (<500 ms) an rom rams n wc
t s o t mol valv orc wr vsbl . All
masurmnts wr on by consnsus by two xprnc
cocaroraprs (A .L.T. an P.A .G .) on two occasons
sparat by 3 monts wt xcllnt armnt .
Statstcal analyss. A tr actor analyss o varanc
was us to assss rncs n proxmal jt wts rsult-
n rom varaton n morpoloy, cross-sctonal ara o t
valv orc an ntal prssur rant, as wll as ntrac-
tonal cts amon ts varabls . Bcaus tr was a
Valv MO
:
Cross-Scuaul
Ara tan= )
Prusnu Jt Wt- (,n)
100 mm H 30 ann H
Km"-! vw
DEG 0.2
0
.37x0
.06
0
.40±0
RHD 0.2 0.47x0.06 0.50x0
BIC 0.+-
0.30--0.10 0.30--o
CHIC
0.2 0.43±0.06 0.43±0.06
DEG 0.7 0.90±0,17 1 .00±0.10
RHD 0.7 0.93±0.15 1 .10±0
BIC 0.7 0.37 ± 0.06 D.40 x 0
CIRC 0.7
OM x0 0 .73±0.12
Apcal
vw
DEC 0 .2 1 .30±0.10 1.27±0.23
RHD U,2 1.40±0.14 1.25±0.07
BIC 0.2 1 .63±0.06 1 .43!0.06
CIRC 0 .2 1 23 ! 0.06
1 .13 ± 0.12
DEG 0.7
1 .60 ± 0.14 1 .53 x 032
RHD 0.7 1 .63±0.12 1 .40±0.10
BIC 0.7 2.05±0.07 1,55±0.07
CIRC
0.7
1.40±0 1,23x0 .21
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sncant sap-ara ntracton n t parastrnal masur-
mnts, a on actor analyss o varanc was on to assss
cts o valv morpoloy or ac sz o valv n t
parastrnal vw only . Sc's tst was us to contrast
spcc rncs n rurtant jt wts wr analyss
o varanc rval sncant ovrall rncs . A p valu
<0.05 was consr sncant .
JACC Vol . 16. No. 2
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Fur 3. Polaro potoraps o smulat rurtant jts rsult-
n rom rnt xprmntal contons
. In all potoraps t
wt arrows ncat t poston o t valv orc . T rnc
n proxmal jt wt rsultn rom sap rncs s sown by
pars
A
(0 .7 cm= bcusp) an B (0 .7 cmt crcular). Pars C (0.2 cmr
bcusp at 50 mm H rant) an D (0 .2 m' bcusp at 100 mm
H) monstrat t smlar proxmal jt wts or two rnt
ntal rants. T ct o man plan s sown by pars E (0
.2
cm = crcular. apcal vw) an F (0 .2 cm= crcular, parastrnal vw) .
IACC Vol. 16
. No
. 2
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Rsults
Proxmal rurtant jt wt compar wt crcular
sap amtr. Tabl I sows t wts o t proxmal
aortcjt or ac valv orc sap, n ac cross-sctonal
ara an at ac ntal prssur rant
. Usn t crcular
sap as a rrnc sap n wc orc amtr accu-
ratly scrbs orc wt, w compar proxmal jt
wt n ac plan o man an t amtr o ac
crcular sap . T amtr o a crcl wt an ara o 0 .2
cm2 woul b 0.5 cm an t amtr o a crcl o 0 .7 cm'-
woul b 0.94 cm. Proxmal jt wts n t prastrnal
vws approxmat, tou unrstmat, t amtrs
an tus t wt o t rspctv crcular orcs . For
crcular orc ara 0.2 cm2 (amtr 0 .5 cm) t man
proxmal jt wt was 0.43 ± 0.06 cm at 100 mm H an
0 .43 ± 0,06 cm at 50 mm H ; or crcular orc ara 0.7 cm'-
(amtr 0.94 cm) t man proxmal jt wt was 0 .80 -_
0 cm at 100 mm H an 0.73 *_ 0.12 cm at 50 mm I . By
contrast rom t apcal vw, proxmal jt wt ovrst-
mat crcular orc amtr by narly twool : or ara
0 .2 m' t man proxmal jt wt was 1
.23 ± 0
.06 cm at
100 mm H an 1 .13 ±
0
.12
cm at 50 mm H; or ara 0.7 cm2
t man proxmal jt wt was 1 .40 *_ 0 cm at 100 mm H
an
1 .23 ± 0
.21 cm at 50 mm H.
Drncs amon valv saps . Rsults o a tr actor
analyss o varanc assssn t ct o valv ara,
prssur rant an valv sap, as wll as ntractons
amon ts actors on proxmal jt wt or ac man
plan, ar sown n Tabl 2 . Valv cross-sctonal ara an
valv sap xrt a sncant ct on proxmal rur-
tant jt wt rarlss o man plan . Atonally . n
t parastrnal vw tr was a sncant sap-ara
ntracton an n t apcal vw prssur rant xrt
a sncant ct.
In tos nstancs wr analyss o varanc rval
sncant rncs n man proxmal rurtant jt
wts, Sc's tst was us to trmn spcc con-
trasts n mans (Tabl 3)
. Tus, wn analyss o varanc
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Tabl 2. Rsults o Tr Factor Analyss o Varanc to Assss Tabl 3. Sc's Tst
Groupns to Compar Man Proxmal Jt
Ects on Proxmal Rurutant Jt Wt o Valv Ara, Intal Wt Sort by
Valv Sap, Intal Prssur Grant an Valv
Prssur Grant an Valv Sap, as Wt as ntractons Ara at Eac Iman Plan
Amon Factors
5000H(=23) 1 .33 .
IM m0H(n=20)
4516
Valv ara <0.05
0'cm 2 In=22) 1 .33 .
0 .7
cu=m='.)
1 .516
Woam any -pn by sap, pmssur rant m
0000,
mans tallaw
by rnt small lttrs ar sncantly nrnt . n = numbr o
masur-
mnts . Abbrvatons as n Tabl I .
or t ct o valv sap sow a statstcally sncant
ct o ts varabl ovrall n ac man plan, Sc's
roupns wr us to compar t man jt wt o all
masurmnts o tat sap n a vn man plan nor-
n any ct o ntal prssur rant or valv ara . For
xampl, t man jt wt or nratv valv sap n
t parastrnal vw s t man o 3 masurmnts o valv
ara 0.2 cm2 at 50 mm H rant, 3
o valv ara
0.2 cm2
at 100 mm H, 3 o valv ara 0 .7 cm2 at 50 mm H an 3 o
valv ara 0.7 cm2 at 100 mm H rant, yln a total o
12 masurmnts contrbutn to ts man . For ts rason,
t numbrs o t Sc6 roupns vary wt t varabl
slct. From ac man plan man proxmal jt w:
rsultn rom a bcusp orc sncantly r rom
tat rsultn rom all otr saps . In t parastrnal vw
t proxmal jt wt was sncantly smallr a rom t
apcal plan t was sncantly larr tan jt wts rsult-
n rom all otr saps . Furtr, n ac man plan jt
wts rsultn rom rumatc valv an crcular valv
saps wr sncantly rnt rom on anotr an
tos rsultn rom nratv saps wr ntrmat
btwn rumatc valv an crcular valv saps .
In t on nstanc n wc a sncant ntracton was
Man Proxmal
lt Wt aul, p Valu
Pamslrnnl vw
Valv bar
<a05
BUD In = 121 0.75 a
DEG In = 121 0.66 a,b
CIRC(n=11)
0.58b
BIC In = 121 0.34 c
Intal pros r rant
NS
5D mm
H (n ='-41 0.61 .
100
mm Its, I . =231 0 .56a
Valv ara
<0.05
0.2 cm' (n=24) 0.40 .
0.7mr(0-231 0.78b
Apcal vw
Valv sap
<0.05
RHD Is It)
L4a 6
DEG la = I I)
1 .40 b,c
CIRC(n=12) 1.23
BICIn=10)
Intal prssur rant
 .a
10.05
p Valu
Varabl
Parastmal
Vw
Apcal
Vw
Valv ara 0 .0001 8.0001
Intal prssur rant NS 0 .0007
Valv sap 0.000)
0 .0001
Ara-sap 0.0001 NS
Ara-prssur NS NS
Prssvr-sap NS NS
Arra-prssur-sap NS NS
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Tabl 4 . Sc's Tst Groupns to Compar Man Proxmal
Jt Wts or Eac Sap n Valvs Wt Two Drnt
Orc Aras
Man Proxmal
Jt Wt (cm)
Ara
= 0.2 cma
Wtn any mupnby ara, mans ollow by rnt small tllrs ar
sncantly rnt . Abbrvatons as n Tabl 1.
not btwn valv cross-sctonal ara an sap (Tabl
2, parastrnal vw), Sc's tst was aan appl to
compar spcc rncs n man proxmal jt wt or
ac sap wtn ac ara roupn (Tabl 4) . In ac
cross-sctonal ara roupn (0 .2 cm2 an 0.7 cm), jt
wts rom bcusp-sap orcs wr smallr tan
otrs an wr sncantly smallr tan tos rom ru-
matc valv an crcular valv orcs; n t 0.7 cm7
roupn, jt wts rom bcusp orcs wr sncantly
smallr tan tos rom all otr orc saps .
Dscusson
Aortc valv morpoloy an proxmal lurtnt jt
wt, T nrnpal nns o ts stuy ar tat aorlc
valv morpoloy, npnnt o cross-sctonal ara, may
ntrouc sncant varaton nto t masurmnt o t
proxmal rurtant jt n an n vtro mol o aortc
rurtaton. Analyss o varanc or t ct o sap on
masurmnt o proxmal rurtant jt wt rval
sncant varaton n proxmal jt wts u to morpo-
loc rncs n valv orcs (p = 0 .0001 n t parastr-
nal an apcal vws) rarlss o man plan, Cross .
sctonal ara sncantly nlunc proxmal rurtant
jt wt n bot man plans an ntal rvn prssur
a a small but sncant nlunc on masurmnt o
proxmal jt wt only n t apcal vw . Proxmal rur-
tant jt wt closly approxmat t amtr o a
crcular orc rom t parastrnal vw but ovrstmat
ts amtr rom an apcal vw, strssn t mportanc
o man plan on accuracy o masurmnt o proxmal
rurtant jt sz .
Rlaton btwn aortc rurtant volum an color low
jt ara. Altou rurtant volum rlatv to n-
astolc volum may b t bst prctor o svrty o
aortc rurtaton (17), a practcal nonnvasv way to
quanttat t volum o aortc rurtaton as bn lack-
n
. Dopplr color low maps qualtatvly monstrat t
prsnc o aortc rurtaton wt rat snstvty
15
.7,8.18) ; owvr, trmnaton o wc aspcts o t
color low map bst corrlat wt t volum o rurta-
!on rqurs urtr lucaton_ Corrlaton o t ara o a
color low map wt t volum o rurtaton as not
prov spcally lpul or svral rasons . A color low
map splays t strbuton o r bloo cll vlocts ; ts
vlocty strbuton may b nlunc consrably by t
volum o low (4) but also pns on suc moynamc
actors as prssur rant, orc sz an bloo low rat
(IS) . Smpson t al . (18) sow tat,  orc ara was l
constant, jt ara was mor ly pnnt on vlocty o
low an tror on ntal rant tan on volum . Bolr
t al. (4) oun tat jt ara corrlat n a nonlnar ason
wt low volum n suc a way tat jt ara ncras wt
ncrasn orc ara, but bcaus o t nonlnarty o t
rlaton, prcton o low volum bas on any partcular
jt ara was cult
. Smlarly, Swtzr t al. (5) oun tat
maxmal jt wt was lss a uncton o volum o rur-
taton tan o rant an tror corrlat poorly wt
rurtant volum . Altou larr cts n nral pro-
uc larr jt aras, small cts wt a ratr rvn
prssur coul prouc qual-sz maxmal jt wts (19).
Otr actors tat may nlunc jt ara ar color an
sttns, cambr complanc (4) an t pnomnon o
lu ntranmnt by  vlocty jts (20).
In a clncal stuy Prry t al . (6) oun jt ara to
corrlat poorly wt anorapc ra o t rurta-
ton, tus conrmn t prncpls monstrat by n vtro
stus (4.5,18) . Fnally, ntr- an ntraobsrvr varablty
n t masurmnt o color low jt ara as bn sown to
b substantal n aortc rurtaton (19). Tus, altou t s
appaln to consr jt ara as quvalnt to rurtant
volum, t two ar ntrly rnt pnomna . Altou
jt ara s act by actors tat act rurtant volum,
t cannot b consr quvalnt to rurtant volum .
Proxmal rurtant jt wt as an stmator o sartc
rurtant volum . Masurmnt o t proxmal jt wt
as a mto o assssn t svrty o rurtaton was
tout to b mor ratonal tan mcsurtnnt o jt ara or
svral rasons
. 1) Bcaus low s proportonal to orc
ara (4,5,17,18), svrty o rurtaton soul ncras
wt ncrasn sz o t rurtant orc. 2) T wt o
t jt just proxmal to t valv s trmn only by t
sz o t ct bcaus . rarlss o rvn prssur, t
ntr orc ara wll b ll by a lu column wt a
narrow vlocty strbuton. W av conrm ts by
comparn t amtr o t crcular orc wt proxmal
jt wt . From a parastrnal man plan tr was a
rasonabl approxmaton o t amtr by jt wt . T
ovrstmaton o amtr rom an apcal plan s t rsult
o vrnc o scan lns wt ncrasn pt an m-
RHD to = 61
0.48 .
CIBC In = 6) 0.43 a.b
DEG In = 6) 0.38 b.c
Ar,
)n = 6) 0.30 c
Ara = 0.7 ca?
1 .01 aRHD n 61
CHIC In 5)
0.76 b
DEG In =
6) 0.95 a.b
BIC In
= 6) 0.38 .
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Fur 4. A . Potorap o an autopsy
spcmn o a bcusp aortc valv or-
c (arrows) compar wt 8, poto-
rap o t Plxlas bcusp-sap
valv orc us n ts stuy .
paszs t pnnc o masurmnt accuracy on m-
an plan . 3) Immatly proxmal to t orc tr
soul b lttl ct o poslortc low sturbancs rsult-
n n sprson o low vlocts, ntran vlocts or
ntracton wt otr strams o low . Swtzr t al . (5) us
an n vtro systm to n wc aturs o color low
maps ost ccrrtat wt t sz o t orc across wc
low occurs. In comparn maxmal jt lnt . maxmal jt
wt, proxmal jt wt an pattrn o color varanc ucr
contons n wc art rat, carac output an prssur
rant wr var, proxmal jt wt was oun to bst
corrlat wt ct sz an rcurtant racton . Ts
nvstators (5), owvr, us only crcular valv orcs.
so
cts o sap wr not assss
.
Ptty t al. (6) tn appl ts n vtro nns an
oun a oo corrlaton btwn proxmal jt wt an
xtnt o aortc rurtaton bas on a smquanttatv
scal o I to 5 . Howvr, rurtant volum may corrlat
poorly wt suc smquanttatv ran systms (20),
lavn t corrlaton o proxmal jt wt to rurtant
volum stll to b clar n vvo. Our stuy susts tat
altou jt wt masur n an man plan wt t
last stanc btwn t transucr an t orc closly
approxmats t tru wt o t orc n tat plrw . ts
masurmnt may unrstmat orc sz n t cas o
orcs wt sncant mnsonal asymmtry . In t n-
stanc o a bcusp valv (F. 4),  t bam transcts t
mnor axs o t orc, jt wt woul not b a oat
stmatorororc cross-sctonal ara an consquntly o
volum o rurtant low .
O'Sa t al . (21) tst t ypotss tat rrularts
n valv sap mt nlunc t sz an sap o color
B
low jts . Ty oun tat llptc valv orcs prouc
color low jts tat wr llptc or up to 2 cm stal to t
valv wt larr an mor ccntrc orcs prsrvn tr
llptc color low prol lonr . Ts ata support our
conclusons tat proxmal jt wt s consrably nlu-
nc by orc sap .
Fnally, Cap l al-122) tst t nlunc o sap on
calculaton o rurtant volum as a uncton o jt vloc-
ts ratr tan as a uncton o masurmnts o t color
low map . Ty us a crcular an a cross-sap orc
an oun no rnc n low vlocts an tus calculat
rurtant volum btwn ts two saps or vn
moynamc contons . It woul b ntrstn to s 
ts mto provs accurat volum normaton ovr a
ran o orc conuratons smulatn patoloc anat-
omy .
T .sort-axs vw was not us to assss cross-
sctonal ara o lr rurtant jr n ts mol . Altou
Prry t al . (6) sow a oo corrlaton btwn sort-axs
jt ara an anorapc ra o aortc rurtaton, ts
masurmnt was not possbl n 21% o patnts . Furtr-
mor. t s not possbl to prcsly aln t man plac
wt t plan o valv closur . wc movs urn t
carac cycl. Bcaus t jt tns to wn as t lavs t
vna contracta, ntrroaton o t jt sltly ownstram
rom t valv wll ovrstmat t ara o t valv orc .
Accornly . w prr to assss jt wt n t lon-axs
vw wr t masurmnt can b ma at t pont o
contact o t color low jt an t valv lalts . Our ata
sust tat suc masurmnts ar accurat  t valv
orc s symmtrc . as
n t crcular an rumatc mols
.
Markly asymmtrc orcs, suc as occur wt bcusp
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valvs, may la to unrstmaton o t svrty
o aortc
rurtaton by masurn proxmal jt wt rom t
lon-axs vw . In suc cass t sort-axs vw may b
lpul n ntyn t asymmtrc orc sap
. tus
rconzn t potntal or unrstmatn t mantu
o t rurtaton .
Lmtatons . Our stuy was lmt n svral rspcts . I I
T valv saps us wr alz rom patoloc nt-
ts (14-16). In ralty tr may b consrabl morpo-
loc varaton or any vn patoloc ntty; owvr, t
pont tat valv morpoloy may nlunc proxmal color
low jt wt rmans concptually mportant
. 2) Our valv
mols wr ma o r matral an tr conuratons
tror rman constant trouout t low pro . In
vvo aortc valvs may b varably complant an may
unro ynamc sap can urn astol
; t cts o
suc ynamc sap can on jt contour ar unknown .
3)
Our mol  not nclu npnnt varatons n
low but
trat low as a pnnt uncton o orc sz, rvn
prssur an an arbtrarly cosn low pro. W cos
ts xprmntal sn bcaus n vvo low s a pnnt
varabl rvn by prssur rant, orc sz an as-
tolc lln pro (17). Our mol  not nclu systol as
t trmnatn vnt or t astolc low pro
. Tus. w
mprcally cos a 1 s astolc low pro, a somwat
lonr astolc pro tan mt b obsrv clncally
.
Howvr, masurmnt o proxmal jt wt was ma
wtn t rst 300 to 500 ms o low to prov unormty n
tm o masurmnt. Fnally, no attmpt was ma to vary
t complanc o t vntrcular cambr: ts was kpt
constant or all saps an .  rants .
Conclusons. Usn an n vtro low mol wt constant
ntal rvn prssur an r valv orcs smulatn
tr stnct patoloc ntts as wll as a crcular orc,
w oun tat t morpoloy
o a rurtant valv orc
may sncantly nlunc t masurmnt o proxmal
rurtant jt wt an tus may b a actor lmtn ts
varabl as a scrptor o svrty
o aortc rurtaton
.
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